Genetic properties and host ranges of R factors derived from Bordetella bronchiseptica of pig origin were examined. All of 61 R factors tested could confer resistance to streptomycin, sulfonamide, and aminobenzyl penicillin on their host bacteria. All of them were identified as fi-(no fertility inhibition) type and were found to exhibit no restriction of phages A, 480, P1, P2, Ti, T3, T6, T7, W31, and BF-23. They could confer macarbomysin susceptibility on their host cells when infected. An Rtel6, a representative R factor, was incompatible with both RP4 and R40a, which are classified as compatibility groups P and C, respectively. An Rte16 was conjugally transmissible to B. bronchiseptica, Escherichia coli, Citrobacter freundii, Salmonella typhimurium, and Yersinia enterocolitica, but not to Shigella flexneri, S. sonnei, Proteus mirabilis, P. vulgaris, P. rettgeri, Klebsiella pneumoniae, and Pseudomonas aeruginosa.
The transferable drug-resistance (R) factors (15) derived from family Enterobacteriaceae have been extensively studied, although an increasing number of R factors have been characterized from Pseudomonas aeruginosa. We recently demonstrated R factors from Bordetella bronchiseptica strains isolated from nasal cavities of young pigs (18) . Further studies indicate that the R factors are the main cause of drug resistance in B. bronchiseptica (19) . This organism is a frequent inhabitant of the respiratory tract and belongs to family Brucellaceae (2) . So, we have much interest in relationship between the R factors derived from B. bronchiseptica and those from Enterobacteriaceae and P. aeruginosa. In this paper, the results of our recent studies on the R factors from B. bronchiseptica are reported.
MATERILALS AND METHODS
Bacterial strains. Substrains of Escherichia coli K-12 were used as hosts and recipients of various R factors; ML1410 (18) , ML1410-rfpr (18) , W3630 (18) , W1895 (19) , 1100, F-nal (resistant to nalidixic acid). The rifampin (RFP)-resistant mutants of B.
bronchiseptica I-47, Citrobacter freundii GN587, Salmonella typhimurium LT-2, Shigella flexneri YSH-1, Shigella sonnei JS13-389, Proteus mirabilis GN3167, P. vulgaris GN3231, P. rettgeri GN3213, Klebsielka pneumoniae GN402, Yersinia enterocolitica 7-3, and Pseudomonas aeruginosa M1292 were used as recipients. The parent strains of YHS-1, 7-3, and M1292 were kindly supplied by M. Yoshikawa, T. Tsubokura, and H. Matsumoto, respectively. R factors. Sixty-one R factors derived from B. bronchiseptica strains which were isolated in Japan from 1969 to 1972 were employed. Ten standard R factors used for the test of compatibility were kindly supplied by N. Datta: RP4 (compatibility group P), R40a (C), RAl (A), R386 (FL), R100 (Fll), R391 (J), R387 (K), R446b (M), Rtsl (T), and R6k (X).
Phages. Male-specific phages f2 and QB were used for the test of fertility inhibition of R factors. They were propagated on W1895. Lambda, N80, P1, P2, Ti, T3, T6, T7, W31, and BF-23 were used for the test of phage restriction. All of these phages were propagated on substrain 1100.
Media. Penassay broth (Difco) and L broth (14) were used as liquid media. DHL agar (Eiken, Tokyo), heart infusion agar (Difco), Mueller-Hinton medium (Difco), AL agar (18) , and L broth agar (14) were used as solid media.
Drug susceptibility test. Streptomycin (SM), sulfonamide (SA), aminobenzyl penicillin (APC), RFP, tetracycline, chloramphenicol, kanamycin, macarbomysin (MM), and nalidixic acid were used. Drug susceptibility testing was done by an agar dilution method reported previously (18) .
Transfer of R factors. Overnight cultures of donor and recipient strains were diluted 10-fold in fresh broth and incubated with gentle shaking at 37 C for 3 h. Mating mixtures comprised 0.1 ml of donor culture, 1 ml of recipient culture, and 10 ml of fresh broth. After 2 h of incubation, 0.1 ml of an appropriately diluted mixture was plated on selective media with drugs. Frequency of R transfer was expressed as the number of resistant exconjugants per number of donors. When the frequency of transfer was very low, the mixed culture for 24 h was used.
Fi (fertility inhibition). The fi character of the R factors was examined by the method reported previously (19) , with W1895 as an indicator strain. Phage restriction. The phage restriction by the R factors was examined by the double-layer method (1), with 1100 as an indicator strain.
MM sensitivity. It was reported by Mitsuhashi et al. (16) and Iyobe et al. (12) that MM could preferentially inhibit E. coli strains carrying R factors, the R factors being able to confer MM susceptibility on their host cells when infected. In this experiment, W3630 was used as a host strain of R factors to be tested. The method to determine MM susceptibility was described previously (16) .
Compatibility. The test for compatibility was done by the method reported by Coetzee et al. (4) and Chabbert et al. (3) . ML1410 was used as a donor strain of R factors to be tested, and ML1410-rfpr was used as a recipient. Selection for the exconjugants was done by using DHL agar plates containing both RFP (25 gg/ml) and either SM (12.5 ug/ml), APC (12.5 ug/ml), tetracycline (25 gg/ml), chloramphenicol (25 ,ug/ml), or kanamycin (25 gg/ml). Twenty colonies of exconjugants which developed on a selection plate were picked, and their resistance markers were examined after one single-colony isolation on the same plate. When both R factors, resident and newly acquired, were present in the exconjugant, the stability of two R factors was examined by continued culture in drug-free broth, by checking the resistance markers by the replica-plating method (13) .
RESULTS
Drug resistance markers, fi type, phage restriction, and MM susceptiblity. All of the R factors derived from B. bronchiseptica had the triple (SM-SA-APC)-resistance markers, and no other resistance markers were detected as far as we investigated. None of the 61 R factors tested reduced the plating efficiency of male-specific phages, f2 and QB, indicating that the R factors from B. bronchiseptica did not confer the character of phage restriction on their host bacteria. They were identified as fi-type. Next, we attempted to determine whether the R factors from B. bronchiseptica can confer MM susceptibility on their host cells. The growth of W3630 R-was not inhibited by 10 ,g of MM per ml and was slightly inhibited by addition of 20 Mg of MM per ml (Fig. 1) . In contrast, the growth of W3630 R+ was completely inhibited by 20 ,ug of MM per ml and was also markedly inhibited by 10 MAg of MM per ml. Thus, all 61 R factors tested were concluded to confer MM susceptibility on their host cells when infected.
Compatibility. An Rte16 was used as a representative R factor from B. bronchiseptica. This R factor was found to be compatible with the R factors of all groups tested except with the R factors of group P, RP4 and group C, R40a. The results are shown in Tables 1 and 2 . Rtel6 or RP4 in a recipient reduced the transfer frequency of each R factor about 10-fold, reciprocally. Furthermore, Rtel6 and RP4 showed mutual exclusion. When Rtel6 was transferred to the recipient carrying RP4, the elimination of the resident RP4 was always observed. Introduction of RP4 to the recipient carrying Rtel6 always led to the elimination of the latter. Thus, these two R factors belong to the same compatibility group. Rtel6 in the recipient also reduced the transfer frequency of R40a about 100-fold, but R40a in the recipient did not reduce that of Rtel6. When Rtel6 was transferred to R40a+, no exclusion of R40a was observed, but both R factors could not stably coexist, Rtel6, in that case, being lost from the exconjugants carrying both R factors with the frequency of 95.7% after 10 subcultures in drug-free medium ( Table 2) . On the contrary, the frequency of spontaneous loss of Rtel6 was about 2 to 3% of the host cells carrying only Rtel6 under the same condition, indicating that Rtel6 was incompatible with R40a. From these results, it could be concluded that Rtel6 belongs to two compatibility groups P and C.
Host ranges of Rte16. In transfer experiments, ML1410 was used as a donor strain of Rtel6, and RFP-resistant mutants of various species of bacteria were used as recipients. In each mixed culture, the death of the mating partner was not seen. Rtel6 was conjugally transmissible to B. bronchiseptica, E. coli, C. freundii, S. typhimurium, and Y. enterocolitica at a frequency of 10-3 to 10-7, but not to S. flexneri, S. sonnei, P. mirabilis, P. vulgaris, P. rettgeri, K. pneumoniae, and P. aeruginosa (Table 3) . No segregation of the resistance markers was detected when transferred. It was found that the level of SM resistance of Rtel6 was very high (more than 800 Ag/ml) in B.
bronchiseptica, but rather low (50 to 200 ug/ml) in E. coli, C. freundii, S. typhimurium, and Y. enterocolitica. The level of APC-resistance was also low (25 to 100 Mg/ml) in the latter four species, but SA resistance was similarly high (more than 1,600 ug/ml) among all exconjugants tested. It was also found (not reported in Table 3 bIn each subculture, 0.1 ml of 10-. dilution of an overnight culture was inoculated into 10 ml of penassay broth and incubated with gentle shaking at 37 C for 24 h.
characterized by the lack of tetracycline-resistance marker but by the presence of APC-resistance marker.
Incompatibility experiments seem to be reliable methods for the classification of R factors.
Several classes (or compatibility groups) have been defined, the members of the same group being incompatible with each other but able to stably coexist with R factors of other groups (3, 7, 9, 11 (8) reported that the R factors of compatibility groups P and C could be transferred to P. aeruginosa as well as to E. coli. However, Rtel6 from B. bronchiseptica was not transmissible to P. aeruginosa, although this R factor belonged to compatibility groups P and C. It was also found that Rtel6 gives low level resistance to APC when presented in E. coli. In contrast, the level of APC resistance mediated by RP4 and R40a was very high (more than 1,600 Ag/ml), indicating that the origin of APCresistant gene or Rtel6 itself may be different from these two R factors.
We have suggested (S. Yaginuma, S. Iyobe, N. Terakado, S. Mitsuhashi, submitted for publication) that the f-lactamase mediated by Rtel6 belongs to one type of enzyme different from two other types previously reported by Yamagishi et al. (20) and Sawai et al. (17) . The marked difference was observed in their molecular weights. The molecular weight of the ,-lactamase Rtel6 was very high (46,000) compared with those (20,000 to 25,000) of type 1 and type 11 ,-lactamase. On the other hand, Dale (5) reported that the B-lactamase R1818 (now termed R46) has a high molecular weight (44,000). However, R1818 was originally detected in S. typhimurium and belonged to compatibility group N (7), indicating that the two R factors, Rtel6 and R1818, may be different from each other in the origin of their APC-resistant genes.
